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Abstract
AIM: To describe the incidence of cardiovascular morta-
lity (CVM) in survivors of major cancers and identify its 
trends over the past two decades. 

METHODS: We used the surveillance, epidemiology 
and end-results 19 registry to identify young adults 
(20-49 years), diagnosed with the following major 
primary cancers: Lung, breast, liver/intrahepatic bile 
duct, pancreas, prostate, colorectal, and ovarian from 
1990 through 2012 and identified the cumulative incid-
ence of CVM after adjusting for confounding factors. 

RESULTS: We identified a total of 301923 cancers 
(breast 173748, lung 38938, colorectal 31722, prostate 
22848, ovary 16065, liver 9444, pancreas 9158). A total 
of 2297 (0.8%) of patients had incident CVM. Lung 
(10-year cumulative CVM 2.4%) and liver (1.73%) 
cancers had the highest incidence of CVM, while 
breast (0.6%) and prostate (1.2%) had the lowest 
CVM mortality, even after multiple adjustments (P  < 
0.001). Overall, there was a significant improvement in 
CVM since 1990 [2005-2012 vs  1990-1994, adjusted 
HR 0.63 (0.54-0.72), P  < 0.001]. This was driven by 
improvements in CVM in lung cancers (P  = 0.02), breast 
(P  < 0.001), and a trend in ovarian cancer (P  = 0.097). 
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There was no statistically significant improvement in 
CVM among survivors of colorectal, pancreatic, liver, or 
prostate cancers.

CONCLUSION: The risk of CVM differs among different 
cancers, and is highest among survivors of lung and 
liver cancers. The incidence of CVM has decreased over 
the past 2 decades mainly among survivors of lung and 
breast cancers. 

Key words: Cardiovascular disease; Cancer; Trends; 
Cardiovascular mortality; Type of cancer
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Core tip: Cancers and cardiovascular diseases share 
many risk factors. Premature cardiovascular mortality 
(CVM) has been described in cancer survivors. However, 
the trends of CVM in cancer survivors are largely un-
known. Using a large national cancer registry in the 
United States, we show that CVM has decreased in 
survivors of breast and lung cancers, but not other 
cancers. Surprisingly, more than half of all cardiovascular 
deaths occur before age of 50 years. It is likely that 
interventions targeted at decreasing CVM in cancer 
survivors will decrease the overall mortality in those 
patients. 
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INTRODUCTION
Cardiovascular diseases and cancers are the leading 
causes of death in the United States[1]. They often coexist 
due to similar risk factors (e.g., smoking, advanced 
age, chronic inflammation). We have previously shown 
that preexisting cardiovascular diseases are prevalent in 
patients with cancers and may be undertreated[2]. 

Patients with cancer may have subclinical cardiac 
disease even prior to cardiotoxic therapy[3]. In addition, 
many of cancer therapies (including chemotherapy, 
radiation therapy, and surgery) can directly or indirectly 
impact cardiovascular health[4-8]. As a result, patients 
with different cancers have been shown to have incre
ased cardiovascular morbidity and mortality compared 
with the general population[6,9-11]. 

There is wide variability in cardiovascular risk bet
ween different cancer populations[2]. Recent advances 
in cancer and cardiovascular therapies have resulted in 
overall improved population survival[12,13], however, it is 
unclear if these advances translate into decreased CVM 
among cancer survivors. The current study was done to 

analyze the incidence of CVM after major cancers and 
report the changes over the past 2 decades in the United 
States. 

MATERIALS AND METHODS
Data source
We used the surveillance, epidemiology and endresults 
(SEER) 19 database for this study. SEER 19 research 
data is a program of the national cancer institute and 
includes incidence and individual-level data collected 
from 19 cancer registries on patient demographics, 
histopathology, staging, geographic areas, treatments, 
followup and causes of death on all cancers diagnosed 
19732012. Data are deidentified and are accessible 
through an online software (SEER*Stat). Based on 
November 2014 submission, SEER includes 8689771 
cases. Causes of death are reported in broad categories 
that are coded from a list of International Classification 
of Diseases (ICDs). SEER data includes publicaccess 
deidentified data only, and thus institutional review 
board approval was not required. 

Cohort selection
For this study, we identified young adults (2049 years 
at diagnosis), diagnosed with the following major 
primary cancers using the 3rd edition of the ICDs for 
Oncology site codes: Lung (C34.0 to C34.9), breast 
(C50.0 to C50.9), liver/intrahepatic bile duct (C22.0 to 
C22.1), pancreas (C25.0 to C25.9), prostate (C61.9), 
colorectal (C18.0 to C18.9; C19.9 to C20.9) and ovarian 
(C56.9) diagnosed from 1990 through 2012.

Outcomes
Outcomes include cardiovascular mortality (CVM) stra
tified by type of cancer and by era of diagnosis. We 
defined CVM to include the following ICD codes: ICD 9 
(1979 to 1998): 390 to 398, 402, 404, 410 to 429; and 
ICD 10 (1999þ): I00 to I09, I11, I13, I20 to I513.

Statistical analysis
Continuous variables are presented as mean ± SD 
and compared using ttest. Categorical variables are 
presented as numbers and percentages and compared 
using χ 2 test. Coxproportional hazard models were 
used for survival adjusting for age, gender, race, year 
of diagnosis, surgery, radiation, SEER stage, and cancer 
site; censoring for loss to followup or death from 
other causes. All test were two sided and P < 0.05 was 
considered significant. 

RESULTS
We identified a total of 301923 cancers (breast 173748, 
lung 38938, colorectal 31722, prostate 22848, ovary 
16065, liver 9444, pancreas 9158). Mean age at cancer 
diagnosis for the entire cohort was 43 ± 5.6 years, 
24.4% were male, and 74.3% were white; 45.3% had 
local disease, 78.8% had surgery, and 35.4% had beam 
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radiation. Table 1 shows the characteristics of study 
population by cancer type. 

A total of 2297 (0.8%) of patients had incident 
CVM. Majority were females (60.4%), white (64.7%), 
with mean age at cancer diagnosis of 44.7 ± 4.6 
years. Majority were survivors of breast cancer (40%), 
followed by lung (25%), colorectal (11.8%), prostate 
(11.4%), liver and ovary (4.3% each), and pancreas 

(3.2%). CVM occurred at a mean 5.3 ± 5.2 years 
after diagnosis of cancer. Mean age at cardiovascular 
death was 50.1 ± 6.8 years (range 2070 years). The 
distribution of age at death is shown in Figure 1. 

Cumulative CVM varied by cancer type: Lung (10 
year cumulative CVM 2.4%) and liver (1.73%) cancers 
had the highest incidence of CVM, while breast (0.6%) 
and prostate (1.2%) had the lowest CVM mortality, 
even after multiple adjustments (P < 0.001, Figure 2). 

Overall, there was a significant improvement in CVM 
between era 4 and era 1 [20052012 vs 1990-1994, 
adjusted HR 0.63 (0.540.72), P < 0.001], era 4 vs 
era 2 [2005-2012 vs 1995-1999, adjusted HR 0.67 
(0.580.79), P < 0.001] and era 4 vs era 3 [2005-2012 
vs 20002004, adjusted HR 0.79 (0.700.90), P < 0.001] 
(Table 2 and Figure 3). When taken as a continuous 
variable, there was an average decrease in CVM of 3% 
per year [adjusted HR 0.97 (0.960.98) per year, P < 
0.001]. This was driven by improvements in CVM in 
lung cancers (2005-2012 vs 1990-1994, adjusted HR 
0.69, P = 0.02), breast (20052012 vs 1990-1994, 
adjusted HR 0.58, P < 0.001), and a trend in ovarian 
cancer (2005-2012 vs 1990-1994, adjusted HR 0.46, 
P = 0.097). There was no statistically significant 
improvement in CVM among survivors of colorectal (P 
= 0.331), pancreatic (P = 0.119), liver (P = 0.696), or 
prostate cancers (P = 0.148), Figure 4. 

DISCUSSION
Our findings suggest that young adults remain at high 
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Breast Colorectal Liver Lung Ovary Pancreas Prostate All

Age (yr) 42.6 ± 5.3 42.2 ± 6.2 43.4 ± 6.1 44.0 ± 5.1 40.5 ± 7.5 43.5 ± 5.4 46.4 ± 2.8 43.0 ± 5.6
Sex
   Female 99.6% 48.3% 22.2% 46.0%        100.0% 42.3%     0.0% 75.6%
   Male   0.4% 51.7% 77.8% 54.0%   0.0% 57.7% 100.0% 24.4%
Race
   White 75.8% 72.7% 61.0% 73.8% 77.9% 74.5%   68.4% 74.3%
   Black 12.9% 16.3% 14.9% 18.4%   9.4% 16.6%   25.9% 15.0%
   Other 10.5% 10.0% 23.6%   7.5% 12.0%   8.5%     2.9%   9.9%
   Unknown   0.8%   0.9%   0.5%   0.3%   0.7%   0.4%     2.8%   0.9%
Year of diagnosis
   1990-1994   9.8%   8.9%   7.9% 13.1% 12.1%   9.1%     3.6%   9.7%
   1995-1999 12.7% 11.4% 13.5% 13.9% 13.6% 12.4%     9.2% 12.5%
   2000-2004 28.8% 28.8% 31.4% 31.4% 29.0% 28.7%   29.6% 29.3%
   2005-2012 48.8% 50.8% 47.3% 41.6% 45.4% 49.7%   57.6% 48.5%
Surgery
   No   3.8%   7.8% 63.5% 63.1%   5.4% 61.8%   23.4% 17.0%
   Yes 94.2% 89.7% 23.5% 26.9% 92.1% 28.2%   68.2% 78.8%
   Unknown   2.1%   2.4% 13.0% 10.0%   2.5%   9.9%     8.4%   4.2%
Stage
   Local 53.3% 29.2% 33.9% 11.6% 35.6%   8.8%   90.7% 45.3%
   Regional 38.7% 37.2% 27.2% 22.8%   8.5% 26.3%     0.0% 31.2%
   Distant   6.1% 29.1% 21.5% 58.7% 50.6% 57.3%     3.4% 19.5%
   Unstaged   2.0%   4.5% 17.3%   6.9%   5.3%   7.7%     5.9%   4.0%
Radiation
   None 47.8% 94.0% 91.0% 46.7% 97.1% 76.1%   79.3% 59.7%
   Beam 47.0%   4.1%   4.6% 48.9%   1.6% 20.3%   10.5% 35.4%
   Other   0.7%   0.1%   1.0%   0.4%   0.2%   0.2%     8.0%   1.1%
   Unknown   4.4%   1.9%   3.4%   4.0%   1.1%   3.4%     2.3%   3.7%

Table 1  Characteristics of patients by cancer type
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Figure 1  Age at cardiovascular death for all patients (n = 2297).
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patients earlier, and thus provide opportunities for 
treatment or prevention, especially in patients receiving 
anthracyclines and HER2 antagonists[17,18]. 

It is important to note, however, that there has 
been no significant reduction in CVM among patients 
with prostate, liver, colorectal, and pancreas. It is likely 
that this is due to high utilization of non-anthracycline 
chemotherapy, whose cardiotoxic effects have not been 
well studied. It is also possible that these patients have 
higher prevalence of comorbidities not accounted for in 
this analysis. These findings are hypothesis generating 
and require further investigation. 

Our multivariable model suggests that patients 
with advanced cancers (regional or metastatic) have 
and those inoperable cancers have higher rates of 
CVM. The reasons for this finding remain speculative, 
but it is possible that patients with advanced diseases 
may receive more cardiotoxic chemotherapy and/or 
radiation, which have been shown to impact longterm 
survival. These findings were also observed in young 
adults with Hodgkin lymphoma[14].

risk for CVM following cancer diagnosis and this risk 
varies by type of cancer. Half of all cardiovascular deaths 
occur before age of 50; however, the incidence of CVM 
has decreased over the last 2 decades, mainly among 
survivors of lung and breast cancers. 

We provide the first evidence that CVM has been 
decreasing over the past decades in lung and breast 
cancers, but not others. We have previously shown 
that these trends were also seen among young adults 
with early stage Hodgkin lymphoma[14], and were also 
recently reported in survivors of childhood cancers[15]. 
This is likely due to recognition of cardiovascular disease 
in cancer survivors, improvements in cardiovascular 
screening and treatment options, in addition to better, 
less cardiotoxic cancer treatment. Oncocardiology, a field 
of cardiovascular disease management and assessment 
in cancer patients, has played a role in comprehensive 
assessment and followup in patients with cancer[1,4,16]. 
The availability of newer imaging techniques in detecting 
subclinical myocardial dysfunction (e.g., strain imaging, 
cardiac magnetic resonance imaging), helped identify 
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It is surprising that half of all cardiovascular deaths 
occurred before age of 50 years, suggesting premature 

cardiac death. The implication of this finding is that 
improving cardiovascular health with early monitoring 
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HR 2.5th-ile 97.5th-ile P -value

Cancer type
   Breast vs prostate   1.026   0.837     1.258     0.806
   Colorectal vs prostate   1.456   1.196     1.773 < 0.001
   Liver vs prostate   3.221   2.495     4.158 < 0.001
   Lung vs prostate   3.348   2.797     4.007 < 0.001
   Ovarian vs prostate   1.298   0.973     1.731     0.076
   Pancreas vs prostate   2.248   1.675     3.016 < 0.001
Demographics
   Age at diagnosis (per year)   1.078   1.068     1.089 < 0.001
   Black vs white   2.397 2.18     2.635 < 0.001
   Other vs white 0.79   0.662     0.942     0.009
   Unknown vs white   0.428   0.203     0.903     0.026
   Female vs male   0.678   0.595     0.773 < 0.001
   Year of diagnosis (per year) 0.97   0.962     0.978 < 0.001
Radiation
   Beam radiation vs no radiation   0.814   0.737 0.9 < 0.001
   Other radiation vs no radiation   0.463   0.304     0.703 < 0.001
   Unknown vs no radiation   0.867   0.673     1.119     0.273
Surgery
   Surgery vs no surgery   0.424   0.368     0.489 < 0.001
   Unknown vs no surgery   0.937 0.78     1.127     0.491
Stage
   Regional vs local   1.394   1.254     1.548 < 0.001
   Distant vs local   1.705   1.472     1.976 < 0.001
   Unstaged vs local   1.304   1.093     1.555     0.003

Table 2  Multivariable model for cardiovascular mortality
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Figure 3  Adjusted overall cardiovascular mortality-free survival across eras. 

Al-Kindi SG et al . Trends in cardiovascular mortality after cancer



373

and prevention strategies may significantly decrease 
the overall mortality in patients with cancer. This can be 
accomplished through development of noncardiotoxic 
targeted therapies, reduced heart radiationdose, and 
modulation of cardiovascular risk factors before, during 
and after treatment. 

This report highlights the need for intensive manage
ment of cardiovascular risk factors and cardiovascular 
disease in patients with cancer diagnosis, particularly 
lung and liver. Early involvement of cardiologists, 
through oncocardiology practices, may prove helpful in 
patients at high risk, especially those with preexisting 
heart disease or those undergoing cardiotoxic therapies. 
Future studies should focus on the impact of cardiova
scular disease management on long-term outcomes in 
these cancers.

While this is a very large cohort of patients, this 
study has limitations that need to be acknowledged. 
First, we do not have data on cardiovascular risk factors 

in patients (such as smoking, diabetes, hypertension) 
and cardiovascular medications. Second, we don’t have 
data on cardiotoxic chemotherapy, and radiation doses 
which may impact the development of cardiovascular 
disease. Hence, we were unable to ascertain the 
etiology of CVM. Also, we did not have granular data on 
the exact causes of death. Therefore, it is imperative to 
study these factors in a prospective fashion. 

CVM is highest among survivors of lung and liver 
cancers and lowest among prostate and breast cancer 
survivors. The incidence of CVM has significantly 
decreased over the past 2 decades mainly among 
survivors of lung and breast cancers.

COMMENTS
Background
Cancers and cardiovascular diseases share many risk factors. Premature 
cardiovascular mortality (CVM) has been described in cancer survivors. 
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However, the applicability of improved CVM in the general population to cancer 
survivors is largely unknown.

Research frontiers
The impact of preexisting cardiovascular disease on overall survival in cancer 
survivors need to be investigated. In addition, the role of primary and secondary 
prevention for cardiovascular disease in this cohort needs to be studied. 

Innovations and breakthroughs
The authors show, for the first time, that survivors of cancers of breast and lung, 
but not others, have a decreasing risk of CVM over the past 2 decades. 

Applications
The implications of the current study help raise awareness about the 
cardiovascular disease in cancer survivors. Efforts should be focused on 
decreasing cardiovascular disease in patients with cancers of liver, pancreas, 
colorectal, and ovarian cancers. 

Terminology
CVM is death due to any cardiovascular disease which include but not limited 
to: Ischemic heart disease, heart failure, stroke, thrombosis. Cardiotoxic 
chemotherapy is any chemotherapy (mainly anthracyclines and HER2 
antagonists) that has a negative direct or indirect effect on the myocardium. 

Peer-review
The authors present here a nice paper on CVM and cancer. The manuscript is 
well written and pretty interesting, even with its (recognized) inherent limitations.
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